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ABBREVIATIONS OF COMMONLY USED UNITS AND SYMBOLS 

 
AAALAC - Association for Assessment and Accreditation of Laboratory Animal Care 

B - Breadth 

CPCSEA - Committee for the Purpose of Control and Supervision of Experiments on 

Animals 

ECD - Effective Cut-off Diameter 

F - Female 

g - Gram 

GHS 

GLP 

- 

- 

Globally Harmonized System of Classification and Labelling of Chemicals 

Good Laboratory Practice 

GSD - Geometric Standard Deviation 

h/hr(s) - Hour(s) 

H - Height 

IAEC - Institutional Animal Ethics Committee 

kg - Kilogram 

L/min - Liter per minute 

L - Length 

M - Male 

min - Minute 

mg - Milligram 

mg/L - Milligram/Liter 

mL - Milliliter 

mm - Millimeter 

MMAD - Mass Median Aerodynamic Diameter 

n - Number of animals 

NAD - No Abnormality Detected 

N - Normal 

No. - Number 

OECD 

psi 

- 

- 

Organization for Economic Co-operation and Development 

pound per square inch 

ppm - parts per million 

TS - Terminal Sacrifice 

SD - Standard Deviation 

% - Percent 
µm - Micrometer 

°C - Degree Celsius 
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1.   STUDY DETAILS 

1.1 Study Title : Acute Inhalation Toxicity Study of BIO-X Kleanze 

EC in Sprague Dawley Rats 

1.2 Study Number : BIO-ITX 259 

1.3 Study Code : AITR 

1.4 Sponsor Details   

 Sponsor : Okada Ecotech Pte Ltd,  

24 Pioneer Crescent #04-08 

628557 Singapore 

 Sponsor’s Representative and 

Monitoring Scientist 

: K. E. Tan 

Okada Ecotech Pte Ltd,  

24 Pioneer Crescent #04-08 

628557 Singapore 

 Monitoring Scientist : A. Z. Tan 

Okada Ecotech Pte Ltd,  

24 Pioneer Crescent #04-08 

628557 Singapore 

1.5 Test Facility : Bioneeds India Private Limited 

Devarahosahally, Sompura Hobli, 

Nelamangala Taluk, 

Bangalore Rural District, PIN - 562 111, 

Karnataka, India. 

1.6 Study Responsibilities   

 Study Director : Mr. Yella Subbadu K., M.Sc. 

Bioneeds India Private Limited, 

Devarahosahally, Sompura Hobli, 

Nelamangala Taluk, 

Bangalore Rural District, PIN - 562 111, 

Karnataka, India 

E-mail: bioneeds@bioneeds.in 

 Study Co-ordinator : Ms. Priyanka Sharma., M.Sc. 

 Study Personnel : Mr. Koushik P., B. Tech. (Biotech).                                        

 Study Veterinarians : Dr. K. R. Sneha., M.V.Sc. 

 Study Pathologists : Dr. Prajapati Ramdatt Khemabhai., M.V.Sc. 
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1.7 Study Schedule   

 Study Initiation Date : 18 December 2020 

 Experimental Starting Date : 22 December 2020 

 Acclimatization Date : Start: 22 December 2020 End: 28 December 2020 

 Treatment Date : For G1: 28 December 2020 

For G2: 29 December 2020 

 Necropsy Date : For G1: 11 January 2021 

For G2 : 12 January 2021 

  Experimental Completion Date                                                     : 12 January 2021 

  Draft Report Submission Date : 31 January 2021 

  Study Completion Date : 05 February 2021 
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2. SUMMARY 

The test item, BIO-X Kleanze EC was evaluated for acute inhalation toxicity in Sprague 

Dawley rats.  

The objective of the study was to assess the toxic potential and to determine the LC50 of 

test item, BIO-X Kleanze EC when administered by inhalation route through flow-past 

nose-only dynamic inhalation equipment for a single 4 hours exposure to rats. Six male 

and six female rats were used for study.  

The Undiluted test item was used during technical pre-test and limit test to generate the 

liquid aerosols through collision nebulizer. The technical pre-test was carried out without 

animals. To achieve the maximum concentration in the limit test the air flow rate selected 

was 12 L/min with 7.7 L/min aerosol generator air and 4.3 L/min dilution air for G1 and 

7.0 L/min aerosol generator air and 5.0 L/min dilution air for G2 based on the technical 

pretest results.  

During Limit test, the particle size Mass Median Aerodynamic Diameter (MMAD) and 

Geometric Standard Deviation (GSD) were 2.90 µm to 3.13 µm and 2.61 to 2.62 

respectively for G1 and 2.91 µm to 3.12 µm and 2.56 to 2.58 for G2 respectively. All the 

values were within the range. The mean maximum achievable breathing zone 

concentration (actual concentration) was 5.03 mg/L and 5.04 mg/L of air for G1 and G2 

respectively and it was considered as the limit concentration. 

All the animals were observed for clinical signs and pre-terminal deaths, during exposure 

and post-exposure on day 1 and once daily thereafter for clinical signs and twice daily 

for mortality till 14 days post exposure period. Individual animal body weight was 

recorded. All rats were euthanized after 14 days post exposure period by intraperitoneal 

administration of sodium thiopentone and the gross pathological findings were recorded. 

No treatment related clinical signs of toxicity and mortalities were observed. Slight 

decrease in body weight was noted on day 2 due to exposure. All animals showed increase 

in body weight on day 4, 8 and 15. 

No treatment related gross pathological findings were noted at the mean maximum 

achievable concentration of 5.03 and 5.04 mg/L of air for G1 and G2 respectively. 

Conclusion 

Under the experimental conditions employed and based on the above results of 

experiment, there were no clinical signs and mortality observed at mean maximum 

achievable concentration of 5.03 mg/L for G1 and 5.04 mg/L of air for G2. Hence, the 

LC50 of the test item, BIO-X Kleanze EC is >5.03 and 5.04 mg/L of air and is classified 

as “Category 5” according to the Globally Harmonized System of Classification and 

Labelling of Chemicals (GHS). 
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3. STUDY COMPLIANCE 

3.1 GLP Compliance 

The study was performed: 

a. In compliance with the OECD Principles of Good Laboratory Practice                

[C(97)186/Final]. 

b. In accordance with the Standard Operating Procedures at Bioneeds India Private 

Limited and as per the mutually agreed study plan with the sponsor. 

3.2 Regulatory Guideline 

The study was performed in accordance with OECD Guidelines for Testing of 

Chemicals No. 403 - Traditional Protocol “Acute Inhalation Toxicity” adopted on                      

07 September 2009. 

3.3 Animal Welfare 

The study was performed in an AAALAC accredited facility: 

a. In accordance with the recommendation of the Committee for the Purpose of Control 

and Supervision of Experiments on Animals (CPCSEA) guidelines for laboratory 

animal facility published in the Gazette of India, 2018. 

b. In accordance with the protocol approved by Institutional Animal Ethics Committee 

(IAEC) (Protocol No.: BIO-IAEC-4020, Date of Approval: 08 September 2020). 

4. SAFETY PRECAUTIONS 

Gloves, head cap, face mask and goggles were used in addition to the protective body 

garments and slippers to ensure adequate personnel health and safety and to avoid 

ingestion, inhalation, skin and eye contact with the test item.  

5. OBJECTIVE 

The objective of this study was to assess the toxic potential and to estimate the LC50 of 

test item BIO-X Kleanze EC when administered through nose-only inhalation route for 

single 4 hours exposure to rats and also to classify for risk assessment of chemical 

according to globally harmonized system of classification and labelling of chemicals. 

6. MATERIALS AND METHODS 

6.1 Test Item Information 

The test item information provided by the sponsor as per Test Item Data Sheet and 

Certificate of Analysis is presented below: 

Name of Test Item : BIO-X Kleanze EC 

Physical appearance  

(with color)  

: Clear Brown Liquid 

Batch No.  : 2020061201 

Date of Manufacture  : 12 June 2020 

Date of Expiry  : 12 June 2023 

Storage Conditions : Ambient (21 to 29°C) 
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Batch Produced by 

(Name and address) 

: Okada Ecotech Pte Ltd, Singapore 

Test Item Code by Test 

Facility 

: D1155-001 

The responsibility for the correct identity and stability of the test item rests with the 

sponsor. The Certificate of Analysis of test item provided by sponsor is presented as 

Annexure 1.  

6.2 Preparation of Test item 

80 dilutions: 1 mL of test item was taken and 79 mL of distilled water was added to get 

80 dilutions of test item. 

160 dilutions: 0.5 mL of test item was taken and 79.5 mL of distilled water was added 

to get 160 dilutions of test item. 

6.3 Test System 

Animal Species : Rat (Rattus norvegicus) 

Strain : Sprague Dawley 

Justification for 

Selection of 

Species 

: Rat is the preferred laboratory rodent species for inhalation 

toxicity assessment and also recommended by the various 

regulatory guidelines. 

Source of Supply : In-house bred animals  

Body Weight 

Range at Receipt 

: Males : 185.59 g to 194.80 g 

Females : 163.50 g to 174.66 g 

No. of Animals/       

Group and Sex 

: Sighting Study/Limit Test:- 3 Males and 3 Females/ 

Group 

Group Test Item 
Animal No. 

Males Females 

G1 
BIO-X Kleanze EC 

(80 Times Dilution) 

Rf0195 

to 

Rf0197 

Rf0198 

to 

Rf0200 

G2 
BIO-X Kleanze EC 

(160 Times Dilution) 

Rf0201 

to 

Rf0203 

Rf0204 

to 

Rf0206 

 (Females used were nulliparous and non-pregnant) 

Age at Treatment : 9-10 weeks 
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6.4 Husbandry 

The contaminant analysis test reports for the water and bedding material nearest to the 

experimental period are presented as Annexures 3 and 4 respectively. 

6.5 Acclimatization 

Healthy young adult animals were acclimatized for six and seven days to laboratory 

conditions prior to treatment and were observed for clinical signs once daily. On 

acclimatization day 2 and 3, all the animals were restrained for one hour in the restraining 

tubes and observed for one hour (±10 minutes) during and post restraining. Pre 

restraining and post restraining rectal temperature was measured for all the animals. The 

veterinary examination of all the animals was performed on the day of receipt of animals.  

Animal 

Identification 

: During Acclimatization period: All the animals were 

identified by tail marking using a red permanent marker 

pen. Additionally, a cage card was displayed which 

included study no., cage no., sex, animal no. (temporary), 

start date and end date of acclimatization period.  
 

During Treatment period: The animals were identified by 

writing last 4 digits of the animal number on the tail using 

a black permanent marker pen and additionally, a cage card 

was displayed which included study no., cage no., sex, 

dose, animal no. (permanent), treatment date and date of 

necropsy. 

a. Environmental 

    Conditions 

: Animals were housed under standard laboratory 

conditions, in an environmentally monitored                                     

air-conditioned room with adequate fresh air supply (12 to 

15 air changes per hour), room temperature 19.3°C to 

22.9°C and relative humidity 43% to 68%, with 12 hours 

fluorescent light and 12 hours dark cycle. The temperature 

and relative humidity were recorded once daily. 

b. Housing : Three animals per sex were housed in a standard 

polypropylene cage (size: L 430 × B 285 × H 150 mm) with 

stainless steel mesh top grill having facilities for holding 

pelleted feed and drinking water in water bottle fitted with 

stainless steel sipper tube. Clean sterilized paddy husk was 

provided as bedding material. 

c. Feed : Altromin maintenance diet 1324 for rats and mice 

(manufactured by Altromin Spezialfutter GmbH & Co. 

KG) was provided ad libitum to the animals throughout the 

experimental period (except during restraining and 

exposure period). The contaminant analysis test report of 

the feed is presented as Annexure 2. 

d. Water : Water was provided ad libitum throughout the 

acclimatization and experimental period. Deep bore-well 

water passed through Reverse osmosis unit was provided in 

plastic water bottles with stainless steel sipper tubes. 

(Except during restraining and exposure period) 
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6.6 Study Design 

6.6.1 Technical Pre-Test  

A technical pre-test without animals was conducted to assess and establish the 

feasibility of achieving the following objectives: 

1. The recommended test atmosphere and stability.  

2. Target concentration (5 mg/L of air) or maximum attainable concentration for limit 

test. 

3. Target particle size (MMAD of 1 to 4 µm) with a geometric standard deviation (1.5 

to 3.0). 

During technical pre-test, the undiluted test item was used to generate the liquid aerosols 

through collision nebulizer. The technical pre-tests were carried out without animals. 

Technical pre-tests were conducted by changing different air flow rate between aerosol 

generator air and dilution air. During the technical pre-test of G1, the mean breathing 

zone concentration achieved at the air flow rate of 12 L/min with 7.7 L/min aerosol 

generator air and 4.3 L/min dilution air was 5.04 mg/L of air and the MMAD and GSD 

obtained were 3.04 µm and 2.62 respectively which were in the prescribed range. During 

the technical pre-test of G2, the mean breathing zone concentration achieved at the air 

flow rate of 12 L/min with 7.0 L/min aerosol generator air and 5.0 L/min dilution air was 

5.02 mg/L of air and the MMAD and GSD obtained were 3.00 µm and 2.55 respectively 

which were in the prescribed range. Hence, the achieved concentration for technical                  

pre-test of G1 i.e. 5.04 mg/L of air at the flow rate of 12 L/min with 7.7 L/min aerosol 

generator air and 4.3 L/min dilution air was considered as the maximum achievable 

concentration and the achieved concentration for technical pre-test of G2 i.e. 5.02 mg/L 

of air at the flow rate of 12 L/min with 7.0 L/min aerosol generator air and 5.0 L/min 

dilution air was considered as the maximum achievable concentration. Therefore, to 

achieve the maximum concentration in the limit test the air flow rate for technical pre-

test of G1 selected was 12 L/min with 7.7 L/min aerosol generator air and 4.3 L/min 

dilution air and technical pre-test of G2 selected was 12 L/min with 7.0 L/min aerosol 

generator air and 5.0 L/min dilution air. The mean values obtained for temperature, 

relative humidity, oxygen and carbon dioxide concentration inside the exposure chamber 

of  technical pre-test of G1 were 22.50°C, 56.30%, 20.35% and 615.50 ppm (0.06%) 

respectively at the air flow rate of 12 L/min with 7.7 L/min aerosol generator air and                  

4.3 L/min dilution air and for technical pre-test of G2 were 22.75°C, 56.05%, 20.45% 

and 617.00 ppm (0.06%) respectively at the air flow rate of 12 L/min with 7.0 L/min 

aerosol generator air and 5.0 L/min dilution air .  

6.6.2 Limit Test 

The sighting study was performed with 6 males and 6 females. No mortality was observed 

at mean maximum achievable concentration of 5.03 mg/L and 5.04 mg/L of air for G1 

and G2 respectively. Hence, the sighting study was considered as limit test and no further 

exposure was conducted. 

6.7 Treatment 

6.7.1 Route of Administration  

The test item was administered through inhalation route by flow-past, nose-only 

dynamic inhalation exposure unit. 
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6.7.2 Justification for Selection of Route 

Inhalation is one of the possible route of exposure to human. 

6.7.3 Duration of Exposure 

The animals were exposed to aerosolized test item continuously for four hours after five 

minutes equilibration period of the chamber concentration. 

6.8 Inhalation Exposure System 

Inhalation exposure was conducted using a flow-past, nose-only dynamic inhalation 

exposure system (Refer Annexure 5) supplied by CH Technologies, USA, with minimum 

of 12 air changes per hour. The exposure unit consisted of stackable exposure tiers with 

top and bottom sections or plates for introduction and exhaust of test item. Each tier with 

12 exposure ports was used to expose 6 animals and another 2 ports were used for 

gravimetric sampling and chamber atmosphere measurement. All parts (except O-ring 

seals) were constructed of stainless steel. The volume of each inner plenum of inhalation 

chamber was 0.76 liters (11 cm diameter and 8 cm height) that consisted of total 12 port 

holes (one tier). Each tier was made of an inner plenum and an outer plenum that were 

connected to each other through rectangular trumpets (tubes) and connector cones. The 

chamber was equipped with a bottom inlet section (plate) and a top exhaust section. Both 

sections were designed to connect easily to other equipment through swivels. The animals 

were restrained in the transparent polycarbonate restraining tubes. The chamber was 

made to sit on a rotating table that allows easy access to observe all animals at each port 

during exposure. This unit ensured that uniform distribution of test item provided 

continuous “fresh” test item to each animal and precluded re-breathing the exhaled air. 

The chamber provided continuous supply of fresh aerosol to all the restrained animals 

through the trumpet from inner plenum of chamber. A slight positive pressure was 

maintained in inner plenum of chamber. The animals were confined separately in restraint 

tubes which were positioned radially around the flow-past, nose-only dynamic inhalation 

exposure chamber. The whole inhalation chamber was situated inside the fume hood. The 

outlet air from chamber exhaust was treated with 1% w/v sodium hydroxide solution and 

passed through absorbent cotton before being evacuated into the atmosphere. 

6.9 Test Aerosol Generation 

The undiluted liquid test item was aerosolized by using 6 jet collision nebulizer provided by 

CH Technologies, USA. The test item was filled in to the glass jar and the T Stem shaped tip 

of the nozzle was immersed in to the test item. The aerosol generator air tube was fitted to 

air inlet of collision nebulizer and nebulizer outlet fitted to bottom of inhalation chamber. 

The air was passed at high velocity through the nebulizer's small orifice, it in turn, sucked 

test item from the nebulizer's jar and breaks it apart into small droplets. The desired air flow 

was set to generate the target aerosol concentration by using control panel. The generated 

liquid aerosols were discharged from the top of exposure chamber.  

6.10 Exposure System Monitoring 

The chamber temperature, relative humidity, oxygen and carbon dioxide concentration 

were measured during exposure at an empty port of the exposure chamber. The air flow 

meter (rotameter) was used to regulate and measure, inlet and outlet air of the chamber. 
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6.10.1 Determination of Nominal Concentration 

The nominal concentration was calculated according to “mass of test item disseminated 

into the exposure system during the generation period divided by the total airflow through 

the inhalation chamber during the same time period”. It was expressed as below: 

Group 

Pre 

Weight of 

Test Item   

(a) 

Post 

Weight of 

Test Item 

(b) 

Test Item Utilized 

 (c = a-b) 

Air flow 

rate 

(L/min)  

(d) 

Duration 

of 

Exposure 

(min) 

 (e) 

Nominal 

Concentration 

(mg/L) 

(𝒆) =
(𝒄)

(𝒅) × (𝒆)
 

Sighting Study 

G1 199.7321 g 165.4949 g 
34.2372 

(34237.2 mg) 
12 240 11.89 

G2 199.0521 g 166.5838 g 
32.4683 g          

(32468.3 mg) 
12 240             11.27 

6.10.2 Determination of Breathing Zone Concentration (Actual Concentration) 

Breathing zone concentration (actual aerosol concentration) was determined 

gravimetrically using a 47 mm whatmann filter paper loaded in an in-line sampling 

device (supplied by CH Technologies, USA). Actual aerosol concentration was 

determined by gravimetric method i.e. dividing the mass of test item collected on the 

filter paper by the volume of air passed through the filter paper and time. The 0.84 L/min 

critical orifice was used to draw the air from the inhalation chamber for one minute at 

animal breathing zone 3 times during exposure [i.e. 60 minutes (±15 minutes), 120 

minutes (±15 minutes) and 180 minutes (±15 minutes)] after equilibration period. The 

mean breathing zone concentration (actual concentration) for G1 and G2 were 5.03 mg/L 

and 5.04 mg/L of air respectively during limit test. 

6.10.3 Determination of Particle Size Distribution 

Particle size distribution was determined gravimetrically by using a 7 stage Cascade 

Mercer Impactor supplied by In-Tox Products, USA. Based on the results of mass 

deposited on every stage, Mass Median Aerodynamic Diameters (MMAD) and 

Geometric Standard Deviations (GSD) were calculated using Microsoft Excel Sheet. 

The target range for the Mass Median Aerodynamic Diameter was 1 to 4 µm and GSD 

was 1.5 to 3.0. During sampling, the Impactor air flow rate was 0.84 L/min for one 

minute. The particle size was measured three times during exposure period at animal 

breathing zone after equilibration period (i.e. ± 15 minutes from breathing zone 

concentration sampling). 

The cumulative mass less than the stated cut of diameter versus particle size (effective 

cut of diameter) on log probability scale was plotted to determine MMAD and GSD. 

During limit test, the mean MMAD and GSD for G1 were found to be 3.02 µm and 2.61 

respectively and for G2 were found to be 3.04 µm and 2.57 respectively. 

6.10.4 Relative Humidity, Temperature, Oxygen and Carbon Dioxide Concentration 

 The IAQ probe (Indoor Air Quality probe) supplied by GrayWolf Sensing Solutions, 

Ireland, was used for continuous monitoring of Relative humidity, temperature, oxygen 

and carbon dioxide content in the chamber and recorded thrice during exposure 

 (i.e. ± 20 minutes from breathing zone concentration sampling) after equilibration 

period.  
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 Relative humidity, temperature, oxygen and carbon dioxide content were maintained in 

the target range of 30% to 70%, 22±3°C, at least 19% and less than 1% respectively. The 

mean relative humidity, temperature, oxygen and carbon dioxide content for G1 were 

56.07%, 22.63°C, 20.37% and 617.67 ppm respectively and the mean relative humidity, 

temperature, oxygen and carbon dioxide content for G2 were 55.73%, 22.67°C, 20.27% 

and 619.33 ppm respectively during limit test.  

6.10.5 Exposure Air Flow Rate 

 Air flow through the generation system into the chamber was controlled and monitored 

through control panel (supplied by CH Technologies, USA) using flow-meters 

(rotameters) and outlet of the chamber air flow was controlled by rotameter. The actual 

flow rate of chamber inlet was 12 L/min with 20 psi pressure and outlet air from chamber 

was 10 L/min maintained throughout the exposure period. The air inlet flow rate was 

recorded thrice during exposure (i.e. ± 20 minutes from breathing zone concentration 

sampling) after equilibration period. 

6.10.6 Treatment of Exhaust Air 

Exhaust air was treated with 1% w/v sodium hydroxide solution (manufactured by:           

Sd fine chem limited Batch no.:L18A/1018/1711/08, Manufactured date: 12/2018 and 

Expiry date: 11/2023) and passed through absorbent cotton before evacuated into the 

atmosphere. 

 

6.11 Observations 

The following observations were made during the experiment. 

6.11.1 Clinical Signs and Mortality 

All the animals were observed for clinical signs and pre-terminal deaths at 1 hr (± 10 

mins), 2 hrs (± 10 mins), 3 hrs (± 10 mins) and 4 hrs (± 10 mins) during exposure period. 

Post exposure, clinical signs and pre-terminal deaths were observed at 30 to 40 minutes 

and 1 hour (± 10 mins), and once daily thereafter for clinical signs and twice daily for 

mortality during the 14 days post exposure period. The clinical signs observations 

included but not limited to changes in skin, fur, eyes, mucous membrane, occurrence of 

secretions and excretions and autonomic activity such as lacrimation, piloerection, pupil 

size and unusual respiratory pattern. 

6.11.2 Body Weight  

 Individual animal body weight was recorded at receipt, prior to exposure (day 1) and on 

day 2, 4, 8 and 15 during the experimental period. 

6.11.3 Pathology 

6.11.3.1 Necropsy 

At the end of the observation period, all the animals were euthanized by intraperitoneal 

administration of sodium thiopentone and subjected to necropsy and complete gross 

pathological examination.  
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Thiopentone details: 

Batch No. : 172432 

Manufactured Date : 07/2020 

Expiry Date : 06/2022 

Manufactured by : Neon Laboratories Limited 

6.11.3.2 Histopathology  

Histopathological examination was not carried out as there were no gross lesions 

observed.  

7. STATISTICAL ANALYSIS 

Since the study was conducted as a limit test, no statistical analysis was performed for 

LC50. Microsoft Excel Sheet was used to determine the particle size (MMAD and GSD). 

8. CLASSIFICATION 

The test item was classified according to the Globally Harmonized System of 

Classification and Labeling of Chemicals (GHS) (Refer Annexure 5). 

9. AMENDMENTS AND DEVIATIONS  

An amendment was raised to correct the name of Monitoring Scientist as per revised 

Test Item Data Sheet received from the sponsor and no deviation was occurred during 

conduct of the study. 

10. STUDY REPORT DISTRIBUTION 

  Original: 1/2 - Sponsor 

Original: 2/2 - Archives, Bioneeds India Private Limited. 

11. ARCHIVING 

All materials and data generated from the study will be stored in the archives of the test 

facility. The study plan, raw data and study report will be maintained in the archives of 

Bioneeds India Private Limited for 9 years from the date of completion of the study. At 

the end of archiving period, the sponsor’s instructions will be sought to either extend the 

archiving period or to return the archived material to the sponsor or for the disposal. 

 

12. REFERENCES 

 OECD Guidance Document No. 39 on Acute Inhalation Toxicity Testing; adopted on 

06 July 2018. 

 Cannon, W. C., Blanton, E. F. and Mc Donald, K. E.  (1983). A Flow-Past Chamber: 

An Improved Nose-Only Exposure System for Rodents. American Industrial Hygiene 

Association. 44 (12): 923-928. 

 The Globally Harmonized System of Classification and Labelling of Chemicals (GHS), 

8th edition, 2019 (ST/SG/AC.10/30/REV-8). 
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13. RESULTS AND DISCUSSION 

13.1 Clinical Signs and Mortality  

No treatment related clinical signs and mortality were observed at the mean maximum 

achievable concentration of 5.03 mg/L of air and 5.04 mg/L of air for G1 and G2 

respectively.  

Refer Table 1 

13.2 Body Weight 

No treatment related changes were observed in body weight and percent change in body 

weight with respect to day 1 at the mean maximum achievable concentration of                          

5.03 mg/L and 5.04 mg/L of air for G1 and G2 respectively. However, all animals showed 

slight decrease in body weight on day 2 due to exposure and increased in body weight 

from day 4 onwards.  

Refer Table 2 

13.3 Chamber (Exposure) Conditions 

During the limit test, the temperature, relative humidity, oxygen and carbon dioxide 

concentration of the chamber were 22.4°C to 22.8°C, 55.8% to 56.3%, 20.2% to 20.5% 

and 616 ppm to 619 ppm (0.06%) respectively for G1. The particle size MMAD and 

GSD were 2.90 µm to 3.13 µm and 2.61 to 2.62 respectively. All the values were within 

the range. The mean maximum achievable breathing zone concentration (actual 

concentration) was 5.03 mg/L of air and it was considered as the limit concentration. 

During the limit test, the temperature, relative humidity, oxygen and carbon dioxide 

concentration of the chamber were 22.4°C to 22.9°C, 55.4% to 56.2%, 20.1% to 20.4% 

and 619 ppm to 620 ppm (0.06%) respectively for G2. The particle size MMAD and 

GSD were 2.91 µm to 3.12 µm and 2.56 to 2.58 respectively. All the values were within 

the range. The mean maximum achievable breathing zone concentration (actual 

concentration) was 5.04 mg/L of air and it was considered as the limit concentration. 

 Refer Tables 3, 4, 6 and 7 

13.4 Pathology 

No treatment related gross pathological findings were observed at the maximum 

achievable concentration of 5.03 mg/L of air and 5.04 mg/L of air for G1 and G2 during 

limit test respectively. 

Refer Table 8 

14. CONCLUSION 

Under the experimental conditions employed and based on the above results of 

experiment, there were no clinical signs and mortality observed at mean maximum 

achievable concentration of 5.03 mg/L for G1 and 5.04 mg/L of air for G2. Hence, the 

LC50 of the test item, BIO-X Kleanze EC is >5.03 and 5.04 mg/L of air and is classified 

as “Category 5” according to the Globally Harmonized System of Classification and 

Labelling of Chemicals (GHS). 
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TABLE 1. CLINICAL SIGNS AND MORTALITY RECORD 

Group, Phase   

& 

Concentration 

(mg/L of air) 

Animal No. Sex 

Day 1 
Days 

During Exposure Post exposure 

1hr* 2hrs* 3hrs* 4hrs* 
30-40 

min 
1hr* 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

G1, 

Limit Test 

& 

5.03 

Rf0195 M N N N N N N N N N N N N N N N N N N N N 

Rf0196 M N N N N N N N N N N N N N N N N N N N N 

Rf0197 M N N N N N N N N N N N N N N N N N N N N 

Rf0198 F N N N N N N N N N N N N N N N N N N N N 

Rf0199 F N N N N N N N N N N N N N N N N N N N N 

Rf0200 F N N N N N N N N N N N N N N N N N N N N 

            *: ± 10 minutes; N: Normal; M: Male; F: Female; min: minute; hr(s): hour(s) 
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TABLE 1 (Contd…). CLINICAL SIGNS AND MORTALITY RECORD 

Group, Phase   

& 

Concentration 

(mg/L of air) 

Animal No. Sex 

Day 1 
Days 

During Exposure Post exposure 

1hr* 2hrs* 3hrs* 4hrs* 
30-40 

min 
1hr* 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

G2, 

Limit Test 

& 

5.04 

Rf0201 M N N N N N N N N N N N N N N N N N N N N 

Rf0202 M N N N N N N N N N N N N N N N N N N N N 

Rf0203 M N N N N N N N N N N N N N N N N N N N N 

Rf0204 F N N N N N N N N N N N N N N N N N N N N 

Rf0205 F N N N N N N N N N N N N N N N N N N N N 

Rf0206 F N N N N N N N N N N N N N N N N N N N N 

            *: ± 10 minutes; N: Normal; M: Male; F: Female; min: minute; hr(s): hour(s) 
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TABLE 2. BODY WEIGHT (g) AND PERCENT CHANGE IN BODY WEIGHT WITH RESPECT TO DAY 1 

Group, Phase &    

Concentration 

(mg/L of air) 

Animal No. Sex 

Body Weight (g) on Days  
Percent Change in Body Weight with Respect 

to Day 1 

1# 2 4 8 15  1-2 1-4 1-8 1-15 

G1, 

Limit Test 

& 

5.03 

Rf0195 M 206.24 204.43 207.65 222.44 246.14  -0.88 0.68 7.85 19.35 

Rf0196 M 212.19 210.69 214.40 228.68 253.07  -0.71 1.04 7.77 19.27 

Rf0197 M 205.87 204.12 207.93 221.12 247.22  -0.85 1.00 7.41 20.09 

Mean  208.10 206.41 209.99 224.08 248.81  -0.81 0.91 7.68 19.57 

(±) SD  3.55 3.71 3.82 4.04 3.73  0.09 0.20 0.24 0.45 

Rf0198 F 178.12 177.74 180.22 189.09 205.60  -0.21 1.18 6.16 15.43 

Rf0199 F 187.09 186.16 189.69 199.56 216.47  -0.50 1.39 6.67 15.70 

Rf0200 F 183.55 184.09 186.14 196.30 213.79  0.29 1.41 6.95 16.48 

Mean  182.92 182.66 185.35 194.98 211.95  -0.14 1.33 6.59 15.87 

(±) SD  4.52 4.39 4.78 5.36 5.66  0.40 0.13 0.40 0.54 

#: Prior to exposure; M: Male; F: Female; SD: Standard Deviation  
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TABLE 2 (Contd…). BODY WEIGHT (g) AND PERCENT CHANGE IN BODY WEIGHT WITH RESPECT TO DAY 1 

Group, Phase &    

Concentration 

(mg/L of air) 

Animal No. Sex 

Body Weight (g) on Days  
Percent Change in Body Weight with Respect 

to Day 1 

1# 2 4 8 15  1-2 1-4 1-8 1-15 

G2, 

Limit Test 

& 

5.04 

Rf0201 M 211.22 209.12 213.02 226.22 251.73  -0.99 0.85 7.10 19.18 

Rf0202 M 219.14 217.52 220.80 235.59 261.12  -0.74 0.76 7.51 19.16 

Rf0203 M 218.69 217.09 220.96 234.16 260.69  -0.73 1.04 7.07 19.21 

Mean  216.35 214.58 218.26 231.99 257.85  -0.82 0.88 7.23 19.18 

(±) SD  4.45 4.73 4.54 5.05 5.30  0.15 0.14 0.24 0.02 

Rf0204 F 187.06 186.40 189.21 198.04 214.38  -0.35 1.15 5.87 14.60 

Rf0205 F 182.21 180.49 182.59 192.38 209.09  -0.94 0.21 5.58 14.75 

Rf0206 F 185.10 184.02 186.35 196.01 213.11  -0.58 0.68 5.89 15.13 

Mean  184.79 183.64 186.05 195.48 212.19  -0.63 0.68 5.78 14.83 

(±) SD  2.44 2.97 3.32 2.87 2.76  0.30 0.47 0.17 0.27 

#: Prior to exposure; M: Male; F: Female; SD: Standard Deviation 
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TABLE 3. BREATHING ZONE CONCENTRATION (ACTUAL TEST ITEM CONCENTRATION) 

Technical Pre-test - G1: 

Sl. No. 

Aerosol 

generation 

air 

(L/min) 

(a) 

Dilution 

air 

(L/min) 

(b) 

Total Air flow 

rate 

(L/min) 

(c) = (a) + (b) 

Initial 

weight 

(mg) 

(d) 

Final 

weight  

(mg) 

(e) 

Difference 

(mg) 

(f) = (e) – (d) 

Air Flow 

Rate 

(L/min) 

(g) 

Time 

(min) 

(h) 

  

BZC 

(mg/L of air) 

(𝐢) =
(𝐟)

(𝒈) × (𝐡)
 

 

Mean BZC 

(mg/L of air) 

 

1 7.7 4.3 12 343.09 347.31 4.22 0.84 1 5.02 

5.04 

2 7.7 4.3 12 343.74 347.99 4.25 0.84 1 5.06 

 Limit Test - G1: 

Sl. No. 

Aerosol 

generation 

air 

(L/min) 

(a) 

Dilution 

air 

(L/min) 

(b) 

Total Air flow 

rate 

(L/min) 

(c) = (a) + (b) 

Initial 

weight 

(mg) 

(d) 

Final 

weight  

(mg) 

(e) 

Difference 

(mg) 

(f) = (e) – (d) 

Air Flow 

Rate 

(L/min) 

(g) 

Time 

(min) 

(h)  

BZC 

(mg/L of air) 

(𝐢) =
(𝐟)

(𝒈) × (𝐡)
 

 

Mean BZC 

(mg/L of air) 

 

1 7.7 4.3 12 345.52 349.75 4.23 0.84 1 5.04 

5.03 2 7.7 4.3 12 345.72 349.92 4.20 0.84 1 5.00 

3 7.7 4.3 12 344.67 348.92 4.25 0.84 1 5.06 

BZC: Breathing Zone Concentration; Sampled volume: 0.84 L/min; Sampling time: 1 minute 

BZC (i) =      
Mass of test item collected on the filter paper (f) 

volume of air passed through the filter paper (g) X time (h) 
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TABLE 3 (Contd…). BREATHING ZONE CONCENTRATION (ACTUAL TEST ITEM CONCENTRATION) 

Technical Pre-test - G2: 

Sl. No. 

Aerosol 

generation 

air 

(L/min) 

(a) 

Dilution 

air 

(L/min) 

(b) 

Total Air flow 

rate 

(L/min) 

(c) = (a) + (b) 

Initial 

weight 

(mg) 

(d) 

Final 

weight  

(mg) 

(e) 

Difference 

(mg) 

(f) = (e) – (d) 

Air Flow 

Rate 

(L/min) 

(g) 

Time 

(min) 

(h) 

  

BZC 

(mg/L of air) 

(𝐢) =
(𝐟)

(𝒈) × (𝐡)
 

 

Mean BZC 

(mg/L of air) 

 

1 7.0 5.0 12 343.46 347.69 4.23 0.84 1 5.04 

5.02 

2 7.0 5.0 12 344.25 348.46 4.21 0.84 1 5.01 

 Limit Test - G2: 

Sl. No. 

Aerosol 

generation 

air 

(L/min) 

(a) 

Dilution 

air 

(L/min) 

(b) 

Total Air flow 

rate 

(L/min) 

(c) = (a) + (b) 

Initial 

weight 

(mg) 

(d) 

Final 

weight  

(mg) 

(e) 

Difference 

(mg) 

(f) = (e) – (d) 

Air Flow 

Rate 

(L/min) 

(g) 

Time 

(min) 

(h)  

BZC 

(mg/L of air) 

(𝐢) =
(𝐟)

(𝒈) × (𝐡)
 

 

Mean BZC 

(mg/L of air) 

 

1 7.0 5.0 12 344.81 349.03 4.22 0.84 1 5.02 

5.04 2 7.0 5.0 12 345.62 349.87 4.25 0.84 1 5.06 

3 7.0 5.0 12 345.15 349.38 4.23 0.84 1 5.04 

BZC: Breathing Zone Concentration; Sampled volume: 0.84 L/min; Sampling time: 1 minute 

BZC (i) =      
Mass of test item collected on the filter paper (f) 

volume of air passed through the filter paper (g) X time (h) 
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TABLE 4. CHAMBER (EXPOSURE) CONDITIONS 

Technical Pre-test - G1: 

Concentration               

(mg/L of air) 
SL. No. 

Aerosol 

generation air 

(L/min) 

(a) 

Dilution air 

(L/min) 

(b) 

Total Air flow rate 

(L/min) 

(c) = (a) + (b) 

Temperature 

(°C) 

Relative Humidity 

(%) 

Oxygen 

Concentration 

(%) 

Carbon dioxide 

Concentration 

(ppm) 

5.04 

1 7.7 4.3 12 22.4 56.5 20.4 615 

2 7.7 4.3 12 22.6 56.1 20.3 616 

Limit Test - G1: 

Concentration 

(mg/L of air) 
SL. No. 

Aerosol 

generation air 

(L/min) 

(a) 

Dilution air 

(L/min) 

(b) 

Total Air flow rate 

(L/min) 

(c) = (a) + (b) 

Temperature 

(°C) 

Relative Humidity 

(%) 

Oxygen 

Concentration 

(%) 

Carbon dioxide 

Concentration 

(ppm) 

5.03 

1 7.7 4.3 12 22.7 55.8 20.5 618 

2 7.7 4.3 12 22.4 56.3 20.2 616 

3 7.7 4.3 12 22.8 56.1 20.4 619 

Note: 1% Carbon dioxide = 10000 ppm 
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TABLE 4 (Contd…). CHAMBER (EXPOSURE) CONDITIONS 

Technical Pre-test - G2: 

Concentration               

(mg/L of air) 
SL. No. 

Aerosol 

generation air 

(L/min) 

(a) 

Dilution air 

(L/min) 

(b) 

Total Air flow rate 

(L/min) 

(c) = (a) + (b) 

Temperature 

(°C) 

Relative Humidity 

(%) 

Oxygen 

Concentration 

(%) 

Carbon dioxide 

Concentration 

(ppm) 

5.02 

1 7.0 5.0 12 22.6 55.9 20.4 615 

2 7.0 5.0 12 22.9 56.2 20.5 619 

Limit Test - G2: 

Concentration 

(mg/L of air) 
SL. No. 

Aerosol 

generation air 

(L/min) 

(a) 

Dilution air 

(L/min) 

(b) 

Total Air flow rate 

(L/min) 

(c) = (a) + (b) 

Temperature 

(°C) 

Relative Humidity 

(%) 

Oxygen 

Concentration 

(%) 

Carbon dioxide 

Concentration 

(ppm) 

5.04 

1 7.0 5.0 12 22.4 55.6 20.3 620 

2 7.0 5.0 12 22.9 55.4 20.1 619 

3 7.0 5.0 12 22.7 56.2 20.4 619 

Note: 1% Carbon dioxide = 10000 ppm 
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TABLE 5. PARTICLE SIZE DISTRIBUTION DURING TECHNICAL PRE-TEST  
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TABLE 5 (Contd…). PARTICLE SIZE DISTRIBUTION DURING TECHNICAL 

PRE-TEST  
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TABLE 6. PARTICLE SIZE DISTRIBUTION DURING LIMIT TEST  
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TABLE 6 (Contd…).  PARTICLE SIZE DISTRIBUTION DURING LIMIT TEST  
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TABLE 6 (Contd…).  PARTICLE SIZE DISTRIBUTION DURING LIMIT TEST  
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TABLE 6 (Contd…).  PARTICLE SIZE DISTRIBUTION DURING LIMIT TEST  
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TABLE 6 (Contd…).  PARTICLE SIZE DISTRIBUTION DURING LIMIT TEST  
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TABLE 6 (Contd…).  PARTICLE SIZE DISTRIBUTION DURING LIMIT TEST  
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TABLE 7. SUMMARY OF CHAMBER (EXPOSURE) CONDITIONS 

Technical Pre Test G1 

 Chamber Conditions Range 

Temperature (°C) 22.4 to 22.6 

Relative humidity (%) 56.1 to 56.5 

Oxygen concentration (%) 20.3 to 20.4 

Carbon dioxide concentration (ppm) 615 to 616 

Air inlet (L/min)* 
12 (7.7 L/min aerosol generator air + 4.3 L/min 

dilution air)  

BZC (mg/L) 5.02 to 5.06 

MMAD (µm) 3.04 # 

GSD 2.62 # 

Limit Test G1 

Temperature (°C) 22.4 to 22.8 

Relative humidity (%) 55.8 to 56.3 

Oxygen concentration (%) 20.2 to 20.5 

Carbon dioxide concentration (ppm) 616 to 619 

Air inlet (L/min)* 
12 (7.7 L/min aerosol generator air +                             

4.3 L/min dilution air) 

BZC (mg/L) 5.00 to 5.06 

MMAD (µm) 2.90 to 3.13 

GSD 2.61 to 2.62 

*: Values were constant throughout the exposure; #:
 Individual value; BZC: Breathing Zone Concentration 

(Actual Concentration); MMAD: Mass Median Aerodynamic Diameter; GSD: Geometric Standard Deviation. 
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TABLE 7 (Contd…). SUMMARY OF CHAMBER (EXPOSURE) CONDITIONS 

Technical Pre Test G2 

 Chamber Conditions Range 

Temperature (°C) 22.6 to 22.9 

Relative humidity (%) 55.9 to 56.2 

Oxygen concentration (%) 20.4 to 20.5 

Carbon dioxide concentration (ppm) 615 to 619 

Air inlet (L/min)* 
12 (7.0 L/min aerosol generator air + 5.0 L/min 

dilution air)  

BZC (mg/L) 5.01 to 5.04 

MMAD (µm) 3.00 # 

GSD 2.55 # 

Limit Test G2 

Temperature (°C) 22.4 to 22.9 

Relative humidity (%) 55.4 to 56.2 

Oxygen concentration (%) 20.1 to 20.4 

Carbon dioxide concentration (ppm) 619 to 620 

Air inlet (L/min)* 
12 (7.0 L/min aerosol generator air +                             

5.0 L/min dilution air) 

BZC (mg/L) 5.02 to 5.06 

MMAD (µm) 2.91 to 3.12 

GSD 2.56 to 2.58 

*: Values were constant throughout the exposure; #:
 Individual value; BZC: Breathing Zone Concentration 

(Actual Concentration); MMAD: Mass Median Aerodynamic Diameter; GSD: Geometric Standard Deviation. 
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TABLE 8. GROSS PATHOLOGY FINDINGS 

Group, Phase & 

Concentration 

(mg/L of air) 

Animal No. Sex Fate 
Gross Pathology Findings 

External Internal 

G1 

Limit Test 

& 

5.03 

Rf0195 M TS NAD NAD 

Rf0196 M TS NAD NAD 

Rf0197 M TS NAD NAD 

Rf0198 F TS NAD NAD 

Rf0199 F TS NAD NAD 

Rf0200 F TS NAD NAD 

G2 

Limit Test  

& 

5.04 

Rf0201 M TS NAD NAD 

Rf0202 M TS NAD NAD 

Rf0203 M TS NAD NAD 

Rf0204 F TS NAD NAD 

Rf0205 F TS NAD NAD 

Rf0206 F TS NAD NAD 

NAD: No Abnormality Detected; M: Male; F: Female; TS: Terminal Sacrifice 
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16. ANNEXURES 
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ANNEXURE 1. CERTIFICATE OF ANALYSIS OF BIO-X KLEANZE EC 
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ANNEXURE 2. CONTAMINANT ANALYSIS TEST REPORT OF FEED 
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ANNEXURE 2 (Contd…).  CONTAMINANT ANALYSIS TEST REPORT OF FEED 
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ANNEXURE 3. CONTAMINANT ANALYSIS TEST REPORT OF WATER 
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ANNEXURE 3 (Contd…).  CONTAMINANT ANALYSIS TEST REPORT OF 

WATER 
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ANNEXURE 3 (Contd…).  CONTAMINANT ANALYSIS TEST REPORT OF 

WATER 
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ANNEXURE 4. CONTAMINANT ANALYSIS TEST REPORT OF BEDDING 

MATERIAL 
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ANNEXURE 4 (Contd…).  CONTAMINANT ANALYSIS TEST REPORT OF 

BEDDING MATERIAL 
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ANNEXURE 4 (Contd…).  CONTAMINANT ANALYSIS TEST REPORT OF 

BEDDING MATERIAL 
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ANNEXURE 5. GLOBALLY HARMONIZED SYSTEM OF CLASSIFICATION 

AND LABELLING OF CHEMICALS (GHS) 

Acute Inhalation Classifications 

 

Exposure  Category 1 Category 2 Category 3 Category 4 Category 5 

 

Dust and Mists 

(mg/L) 

 

ATE ≤ 0.05 
 0.05 <ATE 

 ≤ 0.5 

 0.5 <ATE  

≤ 1.0 

 1.0 <ATE  

≤ 5.0 
See Note : (a) 

ATE: Acute Toxicity Estimate Values 

Note: 

a) Criteria for Category 5 are intended to enable the identification of substances 

which are of relatively low acute toxicity hazard but which under certain 

circumstances may present a danger to vulnerable populations. These substances 

are anticipated to have on oral or dermal LD50 in the range of 2000-5000 mg/kg 

body weight and equivalent doses for inhalation. The specific criteria for Category 

5 are: 

i) The test item is classified in this category if reliable evidence is already available 

that indicates the LC50 to be in the range of Category 5 values or other animal 

studies or toxic effects in humans indicate a concern for human health of an acute 

nature. 

ii) The test item is classified in this category, through extrapolation, estimation or 

measurement of data, if assignment to a more hazardous category is not warranted, 

and  

- Reliable information is available indicating significant toxic effects in humans; or 

- Any mortality is observed when tested up to Category 4 values by the oral, 

inhalation or dermal routes; or  

- Where expert judgment confirms significant clinical signs of toxicity, when tested 

up to Category 4 values, except for diarrhoea, piloerection or an ungroomed 

appearance; or 

- Where expert judgment confirms reliable information indicating the potential for 

significant acute effects from other animal studies. 
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ANNEXURE 6. LAYOUT OF FLOW- PAST, NOSE-ONLY DYNAMIC INHALATION EXPOSURE UNIT FOR LIQUID AEROSOL  
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ANNEXURE 7. GLP CERTIFICATE 
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ANNEXURE 7 (Contd…).  GLP CERTIFICATE 

 

 


